In most cases, cancer develops as a result of non-inheritable somatic mutations (epimutations), acquired by the individual adult cell, during the evolution of the cell, and propagated into an expanding clone of progeny of the cells by natural selection [1]. The role of microenvironment in selection for such acquired mutations, or epimutations, is a focus of scientific research in carcinogenesis [2]. Here we describe a defective DNA response to hypoxia due to epigenetic aberrancies, in cancer cellular biology [3]. We also summarize a literature review on hypoxia mediated epigenetic responses, and its role in carcinogenesis and metastasis. Further, we review a novel method of treating hypoxic solid tumors with a combination of epigenetic modifiers with both in vitro and in vivo results in human, translating to an improved prognosis and clinical outcome. We propose that this approach both independently and synergistically (with the current standard of care) can provide an improved outcome.
saturation below 0 -5 percent, which can activate hypoxia inducible factor 1 (HIF-1) [4] [6] [19] [21]- [27] . Technically, we can call the environment hypoxic any time the tissue oxygen saturation falls to less than two percent [1] [3] . In hypoxic conditions, HIF does not bind to VHL, and therefore accumulates [4] . HIF-1α then binds to hypoxia response elements (HRE) along with co-factors HIF-1β, which activates more than 100 genes involved with metastasis, tumor growth, and metabolic activity [4] [6] [28] . The degree of HIF expression correlates with angiogenesis, resistance to treatment, and overall patient outcome [29] [30] . In early stage lung cancer and pancreatic endocrine cancers, markers of hypoxia have outperformed traditional histopathological staging for predicting prognosis [9] .
There are a few studies which have investigated genome-wide DNA methylation changes that occur in hypoxic environments. Two of these studies showed an increase in global hypomethylation in glioblastoma, sarcoma, colorectal cancer and melanoma cell lines when cultured in hypoxic conditions and compared to normoxic culture [14] [31] [32] . In addition, hypoxia regulated miRNAs are implicated in both renal cell cancer and glioblastoma development [33] [34] . For example, miR-210 is known to be regulated by hypoxia and has found to be a diagnostic marker in pancreatic adenocarcinoma, and a prognostic marker in breast cancer and in late stage non-small cell lung cancer, resulting in caspase 3/7 activity, followed by mitochondrial dysfunction [5] [33] [35]- [37] . Therapeutically, this is important, as the over expression of miRNAs has been implicated in the development of glioblastoma (which is known to have extensive regions of hypoxia and necrosis), and knockdown of this miRNA in glioblastoma cell lines lead to apoptosis, suggesting a role in tumor survival [1] [5] [35] [38] .
There is global increase in DNA methylation in normal cells following a period of hypoxia, however the opposite is found in cancer cells, which show global demethylation following cyclic intratumoral hypoxia [39] . This can be evident in as few as 48 hours [17] . This may be related to broken feedback loops that exist in cancerous cells, as a result of epigenetic dysregulation, where increased DNMT3 as well as MbD1 (methyl-CpG binding domain protein 1) and H3K9 histone acetylation is seen [40] . Histone acetylation is most commonly associated with repression of transcription, whereas histone methylation is associated with both transcriptional activation and repression. Hypoxia is known to induce alterations in chromatin, including global deacetylation, as well as changes in histone methylation and acetylation (through demethylation of lysine residues of histone tails) in the promoter regions of hypoxia related genes (vicious cycle) [18] . Most importantly, hypoxia regulates the activity of histone demethylases. These series of enzymes are also mutated in the event of exposure to carcinogens (such as smoking) and inactivating mutations in such enzymes controlling histone modification have been detected in variety of solid tumors including clear cell renal carcinoma (ccRC), clear cell ovarian cancer, and pancreatic neuroendocrine tumors [41] [42] . Similar epimutations have been suggested in hypoxia associated targets.
One other major effect of hypoxia is the activation of androgen receptor (AR) and regulated AR target genes [1] [3] . Further epigenetic response to hypoxia, as well increases the expression of genes involved in self-renewal, are targets for the transcription factor Oct-4 in embryonic stem cells. It is very likely that different cell and tissue types would require varying periods of hypoxia before "normal" hypoxic cells become "pre-cancerous" or "cancerous" hypoxic cells.
In gastric cancer, a hypoxia-induced epigenetic silencing of the tumor suppressor RUNX3 through histone H3-lysine 9 dimethylation and decreased H3 acetylation during disease progression has been observed, which is reversible by administration of cytosine-methylation inhibitor 5-aza-2-deoxycytidine and Trichostatin A [43] . This demonstrated that the concept of combination therapy with both HDACI and DNMTI could reverse the histone methyltransferase and HDAC1 up-regulation following hypoxia (increase in the repressive histone mark H3K9me2 and a decrease in the transcriptionally active H3K9 acetylation marks) [40] [44] . This is a significant finding, as it implies that HDAC I-II inhibitors may have a therapeutic effect in VHL deficient tumors (such a renal cell cancer and pancreatic neuroendocrine tumors) [45] . The class III HDAC inhibitor SirtI has also been found to deacetylate HIF-1α and HIF-2α, thus repressing HIF activity [46] [47].
Therapeutic Background
Intratumoral hypoxia followed by stabilization/activation of hypoxia-inducible factor 1 (HIF-1) and its downstream transcriptional factors is one of the most important mechanisms inducing epithelial-mesenchymal transition (EMT), which has been widely accepted as a crucial step to generate early stage of tumor metastasis [15] [21] [48] .
There have been great efforts directed in introduction of HIF antagonists and VEGF blocking agents, used in combination on VEGF vertical pathways. Unfortunately the combination targeted drugs that have been utilized to inhibit HIF and VEGF in vertical pathway have proved to be too toxic in humans [9] . Other approaches such as hypoxia activated drugs or prodrugs also have been challenging, although there have been good responses, with up to double the survival rate reported in some cases of pancreatic cancer when combined with Gemcitabine [3] . The application of targeted therapies with histone deacetylase inhibitors have also proven to be generally too toxic.
Sodium butyrate, a novel HDAC inhibitor, has been shown to inhibit hypoxia induced HIF1α induction, and has inhibited in vitro and in vivo angiogenesis. The study demonstrated that sodium butyrate treatment of endothelial cells down-regulated both HIF1α and VEGF protein levels thereby regulating angiogenesis [29] . This indicates that HDACs are involved in oxygen dependent gene expression and angiogenesis [6] [44] [49] [50] . There are several studies suggesting direct inhibition of HIF by anti-oxidants. Polyphenols which have a strong effect on Epigenome by inhibition of DNMT is our area of therapeutic interest. Quercetin was selected as a strong antioxidant with largest pool of available antineoplastic data [24] [25] . We selected Quercetin as its anti-HIF effects are profound in the presence of hypoxic conditions where the tumor cells are inhibited both at migration as well as invasion levels tested by us in vitro on lung adenocarcinoma, as well as Ovarian cancer cell lines. We also showed that the spheroid formation of cells in 3 dimensional cell culture was significantly inhibited secondary to possible anti HIF effect. Interestingly, the literature is controversial on anti-HIF effects of Quercetin, and in fact some of our studies also showed pro-HIF effects, but this is related to the content of iron and intratumoral hypoxia, as the more hypoxic environment, the more Quercetin exhibits anti-HIF properties [24] [25].
Methods
Based on the research above, we combined Quercetin and sodium phenyl butyrate in our patients' clinical program, aiming at reversing the epimutations that have already occurred in hypoxia related targets, in DNA and histones. Our in vitro finings confirmed the synergistic effects of combination therapy on inhibition of HIF, which was substantially detected in pancreatic cancer cell lines as well as ovarian cancer lines. Our studies showed synergistic effects also when the hepatocellular carcinoma cell lines were pre-treated by quercetin and then SPB was administered (Please see Figure 1 and Figure 2 ).
We showed a sensitizing effect of Quercetin on cells, when they were pretreated 6 -24 hours before exposure to SPB. In this experiment, reduction of dose necessary to inhibit HIF was seen up to 50 percent. We correlated these findings with clinical surrogate markers for angiogenesis in case studies treated at our clinic, and the results were consistent. In a case series of patients with advanced solid tumors we treated under the protocol multi-targeted epigenetic therapy (MTET), with application of scientific rationale using SPB and Quercetin in sequential intravenous application. Patients all were informed about their options and signed the appropriate consent forms. The materials were obtained from FDA approved compounding pharmacy. The antineoplastic results were evaluated following serum markers for angiogenesis and circulatory tumor cells (CTC), to correlate with prognosis and survival.
All 17 cases treated had improved overall survival compared historically with SEER data set. There was 100 percent response in their plasma VEGF and CTC. Patients' quality of life were preserved and improved, documented by improved ECOG scores. ► Her molecular profiling of her tumor showed positive NRAS mutations. ► After initial evaluation, immediately she was started on IV epigenetic therapies which she received on daily basis. After ten treatments she expressed improvement in her function and vision. Her ECOG score improved as was her vision. Her labs were repeated which showed following results: ► Neuron Specific Enolase (NSE) dropped from 45 to 9.2 and her interleukin 8 has dropped from 76 to 53, in two weeks, repeated on 4/28/14. LASA dropped from 64 to 27 (measured on /15/14 and 5/5/14 respectively). ► We used Biofocus lab for her circulatory tumor analysis. The test was done PRE and POST epigenetic therapies. She did not receive any chemotherapies, or immune therapies or cytotoxic or targeted therapies during this time. Her CTC showed complete resolution post therapy. Her CT scan was repeated on 6/2/14, which showed mixed response with many lesions in her chest and neck improved in size and activity. This was a rapid response in an advanced case of RAS positive refractory to immune therapy in melanoma. Case 1 Figure 1 . Case 1 Figure 2. 
Sample Case 2: Renal Cell Carcinoma
► 67-year-old male with history of a 10 cm renal mass incidentally found in an ultrasound, suspected for malignancy, and scheduled for laparotomy. The surgical biopsy confirmed the RCC. ► He was referred for evaluation and treatment on 8/11/14 and immediately labs were drawn which showed increased plasma VEGF at 248, and interleukin 8 (serum) of 448.4. His D-dimer was also elevated at 0.61. He started the daily IV epigenetic therapies. His labs were repeated after 10 treatments (two weeks), which showed substantial improvements. His VEGF dropped from 248 down to 58 and his Interleukin 8 dropped from 448.4 down to 16.6. Also his initial thrombocytosis as a sign of angiogenesis was resolved with his platelets dropping from 388 to 201. We performed a CTC analysis through Biofocus laboratory before and after the treatments. The results indicated significant reduction of the tumor burden in CTC as well as CTC markers, including CD 20, telomerase, and cytokeratin markers. The results indicate response in the micro-metastatic disease. ► Phenotypical CTC response by MTET: ► Identification of G250 at CTC level (Pre-treatment) correlates with higher invasiveness and aggressive tumor phenotype [43] . ► This suggests the treatment efficacy of MTET, as a TARGETED THERAPY for G250. ► Patient stayed in complete remission to our understanding after 18 months. 
Sample Case 3: Metastatic Pancreatic Cancer
► 64 year old male with history of pancreatic cancer with numerous liver mets, diagnosed after a prolonged course of abdominal pain and weight loss for months. Abdominal CT suggestive of the tumor 2.5 cm × 2.5 cm in pancreatic head along with liver mets. The mass in pancreas was entrapping the vasculature and adjacent areas. He was jaundiced and had lost weight by pounds every day and lost his appetite. He was seeing Stanford oncology and had been given 5 percent chance of response to the recommended therapy, which consisted of neoadjuvant chemotherapy as Whipple procedure was off of the table. The intention of therapy was palliative at best. ► He then decided to refer and be treated at our center. Initial evaluation showed significant pain, jaundice and elevated tumor markers. Immediately he was started on IV daily epigenetic therapies and started to show improvements in his function and ability to eat immediately after the first week. He also had no pain this time and his ECOG score improved. ► We repeated the blood test looking at the tumor markers after 7 treatments. All his tumor markers dropped substantially. His CA 19.9 decreased from 110 to 80, CEA dropped from 6.4 to 6.1, LASA (Lipid associated sialic acid) dropped from 21 to 15 (normalized). His serum Her-2 also dropped from 17.3 to 11.7 (measured on 10/15/14). His PSA which also incidentally was reported to be at 7.7 dropped down to 3.7 (normalized). His CTC wad repeated and showed complete response. ► He then started Gemzar and Abraxane per protocol, in combination with epigenetic therapies, his clinical response continued, with decreased tumor marker CA 19.9 measured on 11/17/14 at 64 from 80. He then was referred for a nanoknife procedure which he completed successfully. He is in complete radiologic remission currently on 6/15/15. (14) . ► Initial staging whole body PET scan on 8/6/2012 confirmed the presence of cancer in bones as well as LNs in the thoracic and abdominal cavity. This scan was compared to the prior PET scan on 2/2012, which showed progression of the disease both in the bones as well as the breast, both in size and activity, translating to lack of response to the IPT chemotherapy regimen. Her pleural fluid chemosensitivity showed resis-tant tumor cell culture to all chemotherapies tested including Doxorubicin, Taxol, Navelbine, Cytoxan, Cisplatinum, 5-FU and Taxotere. ► Immediately patient decided to start the treatments in our clinic. She was started on the program using Intravenous epigenetic therapies on daily basis, four times a week. After three sessions the pain and discomfort improved, and the pedal edema completely disappeared. ► After 10 days, and seven treatments (8/16/2012) . ► Her CTC was repeated as well on 4/3/13 and it dropped from 1000 when she started down to 5. Then on 5/8/13, the CTC was again repeated and it came down to only one (1). ► Her PET scan was repeated for restaging on 5/14/13 which showed physiologic activities through chest, and no metabolic activity at known bone metastatic lesions seen in prior exam. There was no marrow involvement noted compared to prior MRI findings of marrow enhancement. Duration of treatment for her to this point was 70 days. Further as she was complaining of neck pain, her oncologist referred her for possible spinal involvement by the tumor in June 2013, which the pathology of a herniated disc showed no evidence of malignancy. Also as her PET scan revealed a pulmonary nodule, and suspicious lymphangiomatosis, she was referred for bronchoscopy and the pathology was negative for malignancy in all specimens. There were significant improvements in level of activity of all lesions in brain, as well as bones (complete resolution/response) and thyroid. Left mid iliac bone lesion, Right posterior element of L4, S1 joint lesion, adrenal gland lesion, previously seen mass, Left periaortic node activity, thyroid mass, pulmonary large fissure, pleural space effusions, all showed complete resolution. Left cerebellum less intense and smaller (SUV down from 14 to 9). ► Her CTC was re measured on 1/16/14 and it was zero. (From 1000).
Sample

Sample Case 7: Metastatic Colon Cancer
► 63-year-old male with history of stage four colon cancer who has been treated at Stanford oncology and surgical oncology through many therapy modalities including ablation, (microwave) and chemo embolization, and liver resections. He initially has underwent systemic chemo with Xeloda for 3 months upon diagnosis in 2010, and Avastin which he came off in October this year, and subsequently had progressed with CT scan showing new lesions in his liver. ► Started Folfiri, but had severe side effects and stopped after the first dose. He sought our therapy on 11/11/14, and his initial labs showed significantly increased interleukin-8 (plasma at 216, serum at 226), HE 4 at 175, and CEA, along with low IGF-1 and elevated CRP at 58. His CTC showed elevated markers for disseminated cells in the serum measured through purified DNA technique. ► Immediately he was started on IV epigenetic therapies which he received on daily basis, and the labs were repeated after only 10 days (7 treatments). The labs this time, showed stabilized CEA, Decreased CRP to 11, Decreased IL-8 (serum and plasma) down from 226 to 186 and 216 to 155, HE 4 also dropped from 175 to 158. ► The FGF-2 was reported at 11.7 (normal less than 6.5) on 11/11/14 which dropped to 1.9 (measured on 11/21/14). ► On 1/14/15, his circulatory tumor cell analysis was repeated that showed complete eradication of his CTC, post therapy. 
Sample Case 9: Pancreatic Cancer
► 75 year old male with history of pancreatic cancer diagnosed in 1/15 after experiencing back pain for 6 months. He had seen many alternative doctors received IV vitamin C and peroxide (3 each) , had seen a surgeon who has indicated that the tumor was too advanced to be removed, (inoperable) ► Referred to us for evaluation and treatments, his last CA 19.9 was reported at 7800, complaining of the back pain was taking Advil daily, along with cannabis oil to relieve the pain, he refused chemotherapies, as it was given only as a palliative option. His labs indicated his CA 19.9 dropped from 7800 down to 5300, status post 10 treatments, which he received on daily basis 5 times a week. ► Other markers for cancer also dropped. His LASA (Lipid Associated Sialic Acid) dropped from 24 to normal (16) . 
Sample Case 11: Metastatic Renal Cell Carcinoma
► 57-year-old female with history of renal cell carcinoma, diagnosed in 2006 and treated with right nephrectomy, since then she had been in remission, until September 2014, where there was a suspicious mass in the contralateral kidney (left side) that was seen in ultrasound, which was monitored till January 2015, where the imaging (U/S and CT) confirmed it's enlargement to 5 cm. ► Her chest/abd/ pelvis CT in January 2015 showed many metastatic lesions in her lungs/liver/ and pelvic bone, secondary to recurred stage four renal cell carcinoma. It also showed that there was numerous nodules in both lungs. She opted for conventional treatments which was started in March 2015, with sunitinib at 50 mg per day, and local radiation to the pelvic bone where the lesion was found. She then decided to seek alternative therapies as she experienced severe side effects from the Sutent. ► She traveled from Canada where she lived to see us in California on 5/1/15, when she was evaluated and initially found to have extensively high VEGF in her plasma (717) measured on 5/1/15, along with elevated LASA at 22. ► Her blood was also sent to Biofocus to evaluate for circulatory tumor cells and that test came back positive for C MYC as well as G250 and HDAC. Her c DNA also revealed positive genomic alteration s of VHL and RAF-1. She also was experiencing thrombocytopenia (plt of 80) and clinically had stomatitis and very high blood pressure. As part of initial evaluation she was restaged with a whole body PET/CT scan that revealed new lesions in her thyroid, and paraaortic LN. The pelvic lesion was not seen, and other lesions in her kidney and lungs were reported slightly smaller. ► She was started on IV daily epigenetic therapies and the dose of Sutent was decreased to 37.5 mg a day, on schedule of 4/2 on/off therapy. Her stomatitis was resolved and she felt better, her blood pressure stabilized and was reduced. Her platelets were rechecked and it was normalized. ► Her CTC was repeated after the 10 therapies. The CTC assay showed complete resolution of the circulatory tumor cells that were present in the blood. These cells had demonstrated G250 activity as well as Histone deacetylation and DNMT activity as well as C MYC. All these markers COMPLETELY disappeared in the second sample from the patient post therapy. Please see attached. ► Her VEGF was repeated as well and showed a reduction from 717 down to 303 and further down to normal range. ► There were no new lesions in her scan post therapy and her metastatic burden reduced significantly by surrogate markers. , with findings in pelvic PET/CT, status post radiation for two weeks and chemotherapies, this time consisting of Gemzar and Avastin which she has been receiving for 9 months, till PET scan in 4/15 shows progression of disease with increased metabolic activity in the pelvic area. ► At this time, her oncologist had stated that she has exhausted all regimens she has for cervical cancer and she is exploring alternative therapies. She referred to us from Spain where she lives and started evaluation and IV epigenetic therapies which she received every day. Her initial labs showed increased plasma VEGF at 166 measured on 5/18/15, along with increased lipid associated sialic acid (LASA) and CA 19.9 at 46. Her Circulatory tumor cell analysis was also positive for presence of CTC. ► Further she received 10 treatments and the labs were repeated. Her VEGF normalized in matter on 10 treatments down to 100 (normalized). Her CA 19.9 also dropped to 40 measured on 6/3/15. CTC was repeated after 10 therapies. The CTC showed complete resolution after the 10 treatments with negative CK 19 (zero) from 312. ► Her tumor size stabilized by the interim therapy. She was treated with ablation at UCLA in 7/12, status post second remission, and recurrence on 12/12, with CT confirming the progressive disease, in the liver as well as the pelvic lymph nodes. She received Gemzar and Carbo also in 7/13, Since then she had decided to stay off chemo, until she was qualified for a clinical trial for a PARP inhibitor, at UCLA/Fullerton, which she did for 5 cycles, but did not complete due to failure of the therapy, (her HE-4 was reported at 204 in 9/14 and CT showed progressive disease) then she started Doxil from September to December of 2014, and since it failed, started Avastin and Abraxane last received on 4/15 which had caused a drop in CA 125 but she refused further chemotherapies recommended by his oncologist in several steps, such as Topotecan/Alimta, Afinitor, and Abraxane as single agents. ► Upon her arrival her symptoms included sever fatigue, as well as Onycholysis in nails and neuropathy in her fingers. Her initial evaluation revealed a very high level of HE-4 at 301 as well as increased CRP at 29. Further a staging PET/CT was ordered on 6/24/15 which showed significant progression of disease compared to 3/10/15 scan, consisting of mediastinal disease, subpectoral and supraclavicular LNs, extensive hepatic metastasis, left adrenal lesion, extensive lymphadenopathy in peritoneum, retroperitoneal cavity and pelvis, with maximum SUV activities above 20.4. ► Her tumor was evaluated twice through original biopsy as well as recurrent disease subtype analysis through molecular profiling performed by Caris Target Now Lab, Clarity Foundation, and Foundation One laboratories as well as Clarient laboratories, which were consistent with Biofocus findings on CTC, for presence of C MYC mutated cells, as well as positive PI3K activating mutations, and increased PR, PGP, and very high Ki 67 (at 80 percent), and ERBB2 expression, mutated Rb, mutated SOX2, MDR and P53. Her tumor was also sent for Guardant 360 analysis of the ctDNA, which showed PI3KCA overexpressive circulatory DNA presence in the blood. ► She immediately was started on IV epigenetic therapies which she received on daily basis, for two weeks.
She did not receive any chemotherapies nor changed her diet or supplements. Her labs were repeated on 7/6/15, and it revealed increased HE-4 still at 384 as well as increased CA 15.3 (135) . She improved clinically with less neuropathy and nails grew. Her ECOG also improved. Her circulatory tumor cell assay was repeated and it showed significant decrease in her C MYC EpCAM marker, indicating that the CTC re-sponded to the therapy and there was improved (decreased) tumor burden suggested by the lab. ► This quick response in the CTC markers is exciting and points into possible angiogenic response in the patients with refractory ovarian cancer who have failed other potential therapies.
Sample Case 14: Endometrial Clear Cell Carcinoma
► 72-year-old female with history of clear cell endometrial cancer diagnosed in 2010, status post-surgery TAH/RSO (bilateral oophorectomy) and status post recurrence with a large (10 × 8 cm) mass in the pelvis, obstructing the right ureter and resulted right hydronephrosis. She was diagnosed in January 2015, documented by a core biopsy performed on 2/13, which was positive for adenocarcinoma (at this time, unknown site of origin) at the omentum (peritoneal carcinomatosis), treated with 6 cycles of adjuvant Carboplatinum and Taxol last one received 4 weeks prior to her admission to our clinic. She also had a remote history of cervical cancer that was treated in 1992 with radiation. Her recent colonoscopy was negative. ► Her main concerns were related to chemotherapy toxicity, including neuropathy and pain, night sweats, cough and dizziness. 
Sample Case 15: Malignant Melanoma
► 67-year-old female with history of a scalp birth mark that grew to a sizeable mass (2 cm) , with pathology of malignant melanoma diagnosed in 6/18/15 status post-surgical resection, pathology with positive (+) margins, for malignant melanoma, the PET scan confirmed the suspected malignant cervical LNs in right neck, with max SUV activity of 2.8. No other distant organ involved. She further was recommended to remove the residual disease as well as neck lymph node dissection. She saw us for evaluation and therapy. The initial labs indicated normal LDH, as well as S100B. The circulatory tumor cell assay indicated presence of CTC with positive c KIT as well as MART-1. She subsequently started the IV epigenetic therapies which she received on daily basis, for two weeks (10 treatments total). ► She did not change her diet nor received any other therapies. ► Post therapy: The labs were repeated and this time the CTC reported negative, with no indication for presence of C KIT or MART-1 positive cells in liquid biopsy. ► This quick response on epigenetic therapy resulting in complete resolution of micro-metastatic disease and down staging patients from stage four to three, is essentially novel and presents a prove of concept on effectiveness of this therapy. Certainly performing surgical resection of the remaining tumor as well as lymph node dissection would have not been justified when the disease is already spread, and therefore the results of such therapy can potentially change an outcome for this patient from an incurable disease to curable. ► Subsequently, the patient was treated with surgical resection and maintains complete radiological remission for over 12 months at the time of this article. 
Sample Case 16: Metastatic Gastric Cancer
► 58-year-old female with history of gastric poorly differentiated adenocarcinoma who has been treated with Folfox regimen in December 2014, status post good response but an early recurrence in January 2015 and rapid progression since March 2015, she was receiving Taxol and Ramicurimab since June 2015, with no objective response. She is clinically was wasted and has to perform pleural effusions every two to three weeks, Last drew 0.7 liters. She was fatigued and was on wheel chair. ► She was referred by her oncologist to us to receive IV epigenetic therapies in combination with her regimen.
Initial evaluation revealed significantly high tumor markers (CEA at 68.4, CA 19.9 at 2759) and elevated He 4 and interleukins 8. Her circulatory DNA was positive for P53 mutation as well as KIT, AR, and CTNNB1, and FGFR2. ► She immediately was started on IV epigenetic therapies which she received for 6 sessions, along with her chemotherapy (unchanged 
Sample Case 17: Hemangiopericytoma
► 64-year-old white male with advanced hemangiopericytoma, a form of a very rare cancer, resistant to all conventional therapies. He travelled from Oregon to see us. He had a prolonged and unsuccessful course of therapy since his diagnosis in 2009, and was status post-surgery, radiation, ablations and chemotherapy. Unfortunately, there were no approved therapies at his stage for his rare disease. He was referred to, and seen by our oncologist at CCare. The patient fused to see him again, as he was not offered any potentially effective therapy at the time, due to limited options for his advanced disease. He had already failed Temodar and radiation, with lesions present in the kidney (status post ablation at MD Anderson) as well as pancreatic mass that was growing despite all therapies offered by his oncologist. ► Restaging PET scan before starting the treatments have showed that his prior regimen of Avastin had failed, with evidently progressing disease. His tumor molecular profiling at Foundation Laboratory ordered by his oncologist was positive for RAD 50 and STAT mutations, along with PDGFBR. ► Potential targeted therapies could consist of Imatinib to block the PDGFB. Also studies had shown that Kampferol and Quercetin Block the JACK3 and the related IL-4 regulated PDGFB. ► After obtaining appropriate consent forms, he was started on IV epigenetic therapy with Quercetin on daily basis for two weeks. His VEGF was checked post therapy and showed significant reduction (decreased post therapies from 190 to 136), and further normalized (down to 37) during the therapy. ► His labs showed that his other marker, HE-4 was reduced from 303 and stabilized at 223 post therapy. ► During this time, it was found that his tumor molecular profiling showed increased EGFR expression, as well as positive response to anti-folates. We started him on Tarceva as well as Xeloda, (due to lack of TS in his Caris molecular profiling, making him a good candidate for Xeloda), both of which were off label medications for his condition, as there were no approved therapies by the standard of care that could potentially improve his survival at the time. ► Further restaging PET scan revealed progression in his metastatic lesions, mainly in the pancreatic mass, however the metabolic activity of the tumor stabilized. There were also no new lesions reported. ► We further ordered a CT guided diagnostic biopsy on this mass, which confirmed the origin of hemangiopericytoma. Unfortunately, his tumor, described as a form of sarcoma, was very resistant and his treatment options were very limited. Eflornithine has been suggested in the literature to reduce tumor growth, invasion and migration, in neuroblastoma and sarcomas, and studied safely at phase II trials. We discussed this option as it may add to his response. Plaquenil and Pentam have also been studied in sarcoma and as an autophagy inhibitor, and have proved to be effective in literature published in 2014 by Molecular and Cellular Oncology, and these were considered as off label drugs. ► Mayo Clinic studies have not proved cytotoxic therapies to be effective in improving survival, in this group of patients with high toxicity profile, therefore we continued his current regimen of targeted therapies, with adjusted dosing, and Xeloda per his tolerability. He had reported no side effects from the treatments. ► The patient was also suffering from chronic renal failure as a sequel of the treatments received at MD Anderson (tumor ablations in the kidney), which as the result of our therapy, improved significantly with his creatinine decreasing from 1.55 to 1.37. ► Unfortunately, the patient passed away due suspected myocardial infarction at his home, 10 months after his therapy. It is of note that many patients with this rare diagnosis have been reported to suffer from unknown death cause, likely cardiac conditions such as MI or coronary occlusions, demonstrated in the Mayo clinic study [51] . This case presents an angiogenic response to the interim therapy and could suggest further hypothesis generation in combination of such therapy for such rare disease to the current ineffective therapies.
